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ABSTRACT : 

PROBLEM TO BE SOLVED: To remove a coating film without using chemicals by 
emitting a laser beam to a surface of an object to be processed fromed with the 
film on its surface by using an energy density veritable optical system of the 
beam on the surface of the object, and removing an upper layer part of the film 
by ablation. 



SOLUTION: A laser beam entering a laser emitting head 10 is emitted to a 
surface of an object 1 to be processed, and a coated surface is removed by 
ablation. When energy density of the beam on the surface of the object 1 is 
excessively low, the film is not ablated. Meanwhile, when it is excessively 
high, substrate material of the film is damaged. Accordingly, the energy 
density of the beam is set to a range that the substrate material is not 
damaged but ablated. And, the height from the surface of the object 1 to a 
condenser lens is adjusted by a condenser lens supporting mechanism to alter an 
emitting area, thereby regulating the density. 
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(54) METHOD FOR REMOVING COATING BY USING LASER BEAM AND LASER PROCESSOR 

(57)Abstract: 

PROBLEM TO BE SOLVED: To remove a coating film without using 
chemicals by emitting a laser beam to a surface of an object to be 
processed framed with the film on its surface by using an energy 
density veritable optical system of the beam on the surface of the 
object, and removing an upper layer part of the film by ablation. 
SOLUTION: A laser beam entering a laser emitting head 10 is emitted 
to a surface of an object 1 to be processed, and a coated surface is 
removed by ablation. When energy density of the beam on the surface 
of the object 1 is excessively low, the film is not ablated. Meanwhile, 
when it is excessively high, substrate material of the film is damaged. 
Accordingly, the energy density of the beam is set to a range that the 
substrate material is not damaged but ablated. And, the height from the 
surface of the object 1 to a condenser lens is adjusted by a condenser 
lens supporting mechanism to alter an emitting area, thereby regulating 
the density. 
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This document has been translated by computer. So the translation may not reflect the original precisely. 
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S.In the drawings, any words are not translated. 



XAIMS 



Claim(s)] 

Claim 1] The paint removal method which irradiates a laser beam using the energy-density good light variation study 
;ystem to which a laser beam can be irradiated on the surface of a processing object, and the energy density of the las 
)eam in the front face of this processing object can be changed on this front face of a processing object on which the 
>aint film was formed in the front face, and includes the process of this paint film which removes a part for a 
nanagement by ablation at least. 

Claim 2] Lasing equipment characterized by providing the following. The lens which condenses or emits and irradia 
i laser beam on the surface of a processing object. The lens support mechanism in which support the aforementioned 
ens and the height from the aforementioned processing-object front face to the aforementioned lens is adjusted based 
he control signal from the outside. The height sensor which detects the height from the aforementioned processing- 
)bject front face of the aforementioned lens. The 1st deflecting system made to move the irradiation position of a lase 
>eam in the 1st direction of [ in the front face of the aforementioned processing object ] by being arranged in the opti 
)ath of the control means which control the aforementioned lens support mechanism, and the laser beam which carrie 
>ut incidence to the aforementioned lens, and changing the travelling direction of a laser beam so that the output sign 
rom the aforementioned height sensor may be inputted and the height from the aforementioned processing-object fro 
ace to the aforementioned lens may become fixed. 

Claim 3] Furthermore, lasing equipment according to claim 2 which has the 2nd deflecting system made to move the 
rradiation position of a laser beam in the 1st direction of the above of [ in the front face of the aforementioned 
>rocessing object ], and the 2nd direction at which it crosses by being arranged in the optical path of the laser beam 
vhich carries out incidence to the aforementioned lens, and changing the travelling direction of a laser beam. 
Claim 4] Furthermore, lasing equipment according to claim 2 or 3 which has the aperture which is arranged in the 
>ptical path of the laser beam which carries out incidence to the aforementioned lens, and restricts a cross-section 
:onfiguration perpendicular to the optical axis of this laser beam to a certain configuration. 

Claim 5] Furthermore, lasing equipment according to claim 2 to 4 which has the homogenizer which is arranged in t 
>ptical path of the laser beam which carries out incidence to the aforementioned lens, and brings uniformly the intens 
iistribution in a cross section perpendicular to the optical axis of this laser beam close. 
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Tapan Patent Office is not responsible for any 
damages caused by the use of this translation. 

..This document has been translated by computer. So the translation may not reflect the original precisely. 
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DETAILED DESCRIPTION 



Detailed Description of the Invention] 

;oooi] 

The technical field to which invention belongs] this invention relates to the lasing equipment suitable for the paint 

emoval method of having used the laser beam, and its paint removal method. 

0002] 

Description of the Prior Art] The strong toxic chemical mainly called methylene chloride is used for paint removal o 
lirframe shell plates, such as an aircraft. After spraying this medicine on the paint front face and carrying out the 
rmbrittlement of the paint conventionally, it had removed by failing to write a paint film with a handicraft from an 
urframe shell plate front face. 
0003] 

Problem(s) to be Solved by the Invention] The above-mentioned conventional paint film removal method has low 

vorking efficiency, and there is a problem also in recovery and abandonment processing of a removal object. 

0004] The purpose of this invention is offering the paint film removal method which can remove a paint film, and th 

asing equipment suitable for the paint film removal, without using chemicals. 

0005] 

Means for Solving the Problem] According to one viewpoint of this invention, pulse laser light is irradiated using the 
:nergy-density good light variation study system to which pulse laser light can be irradiated on the surface of a 
)rocessing object, and the energy density of the laser beam in the front face of this processing object can be changed 
his front face of a processing object on which the paint film was formed in the front face, and the paint removal meth 
ncluding the process of this paint film which removes a part for a management by ablation at least is offered. 
0006] If the energy density of an irradiation laser beam is too low, ablation will not arise. Moreover, if an energy 
lensity is too high, furring of a paint film will receive an injury. That is, in case ablation removes a paint film, the ran 
vith a suitable energy density exists. By using an energy-density good light variation study system, an energy density 
ran be set as the suitable range. 

0007] The lens which according to other viewpoints of this invention condenses or emits and irradiates a laser beam 
he surface of a processing object, The lens support mechanism in which support the aforementioned lens and the heig 
rom the aforementioned processing-object front face to the aforementioned lens is adjusted based on the control sign 
rom the outside, So that the output signal from the height sensor which detects the height from the aforementioned 
)rocessing-object front face of the aforementioned lens, and the aforementioned height sensor may be inputted and th 
leight from the aforementioned processing-object front face to the aforementioned lens may become fixed By being 
irranged in the optical path of the control means which control the aforementioned lens support mechanism, and the 
aser beam which carries out incidence to the aforementioned lens, and changing the travelling direction of a laser bea 
The lasing equipment which has the 1st deflecting system made to move the irradiation position of a laser beam in the 
.st direction of [ in the front face of the aforementioned processing object ] is offered. 

0008] By changing the height from a processing-object front face to a lens, the energy density of the laser beam in a 
)rocessing-object front face is changeable. By moving a laser radiation position, laser radiation can be carried out to t 
atus range. 
0009] 

Embodiments of the Invention] Drawing 1 shows the outline perspective diagram of the lasing equipment by the 
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ixample of this invention. The laser irradiation head 10 touches the front face of a processing object 1. The laser 
rradiation liead 10 is constituted including the core-box container 1 1 which has opening in a processing-object 1 side 
ind the optic contained by the interior. The transparent aperture 12 is attached in the side of the core-box container 1 1 
tnd visual observation of the interior can be carried out through the transparent aperture 12. In addition, you may form 
;ore-box container 1 1 the very thing with a transparent material. 

0010] The laser irradiation head 10 is attached at the nose of cam of the manipulator arm 50. The manipulator arm 5 
;ontrolled by the main part 5 1 of a manipulator, and it is made to move to the position of a request of the front face of 
)rocessing object 1, and it supports the laser irradiation head 10. 

001 1] The laser beam outputted from the laser beam generator 60 is drawn in the laser irradiation head 10 through th 
>ptic 61 for beam plastic surgery, and the arm 62 for beam transmission. 

0012] The laser beam generator 60 is longitudinal direction excitation atmospheric pressure type C02. It is laser 
iquipment (TEA-C02 laser equipment). TEA-C02 Laser equipment outputs a laser beam with a wavelength of 9-1 1 
nicrometers in pulse. 

0013] The optic 61 for beam plastic surgery operates orthopedically the cross-section configuration of the laser beam 
mtputted from the laser beam generator 60 in a desired form. For example, it is constituted by the aperture which has 
ectangle-like breakthrough and the cross-section configuration of a laser beam is orthopedically operated in the shap 
l rectangle. 

0014] The arm 62 for beam transmission is an arm which can be bent and stretched and which has two or more joint 
bllows in footsteps of movement of the laser irradiation head 10, and draws the laser beam which passed the optic 61 
>eam plastic surgery to the laser irradiation head 10. 

0015] The gas introduction pipe 13 and the flueing pipe 15 are attached in the laser irradiation head 10. The gas 
ntroduction pipe 13 is connected to the gas supply system 14, and gas is introduced in the laser irradiation head 10 
hrough the gas introduction pipe 13 from a gas supply system 14. The flueing pipe 15 is connected to flueing equipm 
.6, and flueing equipment 16 exhausts the gas in the laser irradiation head 10 through the flueing pipe 15. 
0016] Drawing 2 shows the outline cross section of the laser irradiation head 10 of drawing 1 . The core-box contain 
. 1 the field by the side of a processing object 1 carried out [ the container ] opening is held so that the front face of a 
)rocessing object 1 may be mostly touched in the circumference of the opening. The arm 62 for laser transmission is 
;onnected with the breakthrough 17 formed in opening of the core-box container 11, and the field which counters. Th 
aser beam 63 transmitted in the inside of the arm 62 for laser transmission is introduced in the core-box container 1 1 
hrough a breakthrough 17. 

0017] A one-way mirror 20 and a homogenizer 3 1 are penetrated, it is reflected by deflecting system 21 and 22, and 
ncidence of the laser beam introduced in the core-box container 1 1 is carried out to a condenser lens 23. The laser be 
condensed with the condenser lens 23 is irradiated by the front face of a processing object 1 . 

001 8] A one-way mirror 20 reflects a part of laser beam, and it is made it to carry out incidence to the energy sensor 
[Tie energy sensor 30 measures the energy of a laser beam. 

0019] A homogenizer 3 1 makes the intensity distribution in the cross section of a laser beam Mr. simultaneously 
lajime. Deflecting system 21 and 22 moves the irradiation position of a laser beam to Y shaft orientations and X sha 
mentations which intersect perpendicularly with mutual [ in the front face of a processing object 1 ], respectively. 
Deflecting system 21 and 22 is constituted by the galvanomirror. When deflecting system 21 and 22 is used as a 
;alvanomirror, in order to keep the traverse speed of a laser radiation position constant, it is desirable to use a conden 
ens 23 as an arc sine lens. When the deflection angle of the laser beam by deflecting system 21 and 22 changes in 
>roportion to time, since it is the same, it is desirable to use a condenser lens 23 as ftheta lens. In addition, you may u 
otation polygon mirror as deflecting system 21 and 22. Moreover, even when ftheta lens is used, it becomes possible 
naking it operate so that angle change of a galvanomirror may become nonlinear to time to keep constant the traverse 
ipeed in a laser radiation position. 

0020] The condenser lens 23 is attached in the side of the core-box container 1 1 according to the condenser lens sup 
nechanism 24. The condenser lens support mechanism 24 can adjust the height from the front face of a processing ob 
. to a condenser lens 23. The height sensor 25 is attached in the condenser lens 23. The height sensor 25 detects the 
leight from the front face of a processing object 1 to a condenser lens 23, and sends out a detecting signal to the heig 
control unit 26. 

0021] Height desired value is beforehand memorized by the height control unit 26. Based on the detecting signal wh 
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eceived from the 'height sensor 25, the height control unit 26 controls the condenser lens support mechanism 24 so th 
he height of a condenser lens 23 approaches desired value, and it adjusts the height of a condenser lens 23. 
0022] Light laser equipment 32 is installed in the core-box container 1 1. Light laser equipment 32 is for example, He 
aser equipment etc. It is reflected by the one-way mirror 20 and the visible laser beam outputted from light laser 
:quipment 32 is spread along with the same optical axis as the laser beam which carried out incidence through the 
>reakthrough 17. Therefore, a visible laser beam is TEA-C02 among the front faces of a processing object 1. The aim 
;ame field as a laser beam is irradiated. For this reason, visual observation of the irradiation position of a laser beam c 
)e carried out through the transparent aperture 12 shown in drawing 1 . 

0023] Nozzles 40 and 41 are arranged in the core-box container 1 1 . Nozzles 40 and 41 are open for free passage in th 
;as introduction pipe 13 attached in the side attachment wall of the core-box container 1 1 . A nozzle 40 spouts gas to 
aser beam irradiation position of the front face of a processing object 1, and its near. A nozzle 41 spouts gas toward t 
leld by the side of the processing object 1 of a condenser lens 23. By this gas stream, it can suppress that the scatterin 
)bject from the front face of a processing object 1 adheres to the front face of a condenser lens 23. 
0024] The gas suction mouth 42 arranged in the core-box container 1 1 is open for free passage in the flueing pipe 15 
ittached in the side attachment wall of the core-box container 1 1 . The nose of cam of the gas suction mouth 42 turns 
he laser radiation position of the front face of a processing object 1 . The gas suction mouth 42 can discharge the rem 
)bject which dispersed from the laser radiation portion while exhausting the gas in the core-box container 11. 
0025] Near the nose of cam of the gas suction mouth 42, the color sensor 43 and the temperature sensor 44 are attach 
\ color sensor 43 is constituted including CCD and detects the color of the laser beam irradiation position of a 
)rocessing object 1, and its near. A temperature sensor 44 is a radiation thermometer and detects the temperature of th 
aser beam irradiation position of the front face of a processing object 1, and its near. For example, at the time of the 
mint film removal on the front face of an airframe of the aircraft, where the temperature on the front face of an airfra 
s kept at 80 degrees C or less, it is necessary to perform laser radiation. By always observing temperature by the 
emperature sensor 44, before the temperature on the front face of an airframe becomes 80 degrees C or more, it beco 
>ossible to take the measures of suspending laser radiation. 

0026] Next, operation of the lasing equipment shown in drawing 1 and drawing 2 is explained taking the case of the 
;ase where the paint film on the front face of a processing object is removed. 

0027] The laser beam which carried out incidence to the laser irradiation head 10 shown in drawing 2 is irradiated by 
he front face of a processing object 1, and a paint film is removed by ablation. When the energy density (fluence) of 
aser beam in the front face of the processing management object 1 is too low, ablation of the paint film is not carried 
>ut. Moreover, when an energy density is too high, furring of a paint film will receive an injury. Therefore, it is desira 
o set the energy density of a laser beam as a range to which furring does not receive an injury and ablation of the pai 
Ilm is carried out. In addition, when the energy density of the laser beam outputted from the laser beam generator 60 
;ufficiently high, a divergent lens can be used instead of a condenser lens 23. 

0028] An energy density can be adjusted by adjusting the height from the front face of a processing object 1 to a 
condenser lens 23, and changing the area of an irradiation field according to the condenser lens support mechanism 2 
The range with a suitable energy density changes with kinds of furring and paint film. Therefore, it is desirable to 
;onduct preliminary experiment with a beforehand different energy density, and to determine the range of a suitable 
;nergy density, i.e., the height of the suitable condenser lens 23. 

0029] The suitable height of a condenser lens 23 is stored in the height control unit 26. The height control unit 26 
compares the suitable height beforehand remembered to be the height detected by the height sensor 25, and controls t 
;ondenser lens support mechanism 24 to approach suitable height. This height control can perform ablation with an 
J ways suitable energy density. 

0030] With deflecting system 22, the irradiation position of a laser beam is swept to X shaft orientations, and an 
rradiation position is shifted to Y shaft orientations with deflecting system 21 after that. An irradiation position is ag 
iwept to X shaft orientations with deflecting system 22, and a laser beam is irradiated about X shaft orientations at th 
:ame range as the last sweep. By repeating this sweep, the paint film of a field with the front face of a processing obje 
. is removable with ablation. 

0031] The manipulator arm 50 shown in drawing 1 is driven, the position of the laser irradiation head 10 is moved, a 
he sweep of the above-mentioned X-axis and Y shaft orientations is repeated and performed. Thus, the paint film of 
atus field of the front face of a processing object 1 is removable with ablation. 
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0032] If the laser irradiation head 10 is moved, the height from the front face to a condenser lens 23 may be changed 
vith change of the curvature of the front face of a processing object 1, irregularity, etc. In this case, the height of a 
condenser lens 23 can be kept constant with the height sensor 25 and the height control unit 26. For this reason, the 
mergy density of the laser beam in the front face of a processing object 1 can be maintained uniformly, and it become 
)Ossible to perform stable ablation. 

0033] In addition, it is not necessary to make the sweep direction by deflecting system 21, and the sweep direction b 
leflecting system 22 not necessarily intersect perpendicularly. Both sweep direction should just have the relation whi 
rrosses mutually. 

0034] Moreover, although the case where it swept two-dimensional using deflecting system 21 and 22 was explained 
he above-mentioned sweep method, you may perform a sweep in one dimension only using one of deflecting system 
his case, the laser irradiation head 10 is moved in the direction at which a sweep direction is crossed by the manipula 
irm 50 shown in drawing 1 . Thus, a laser beam can be irradiated to the latus field of the front face of the processing 
nanagement object 1. 

0035] A surface temperature rise can be suppressed by spraying gas on the front face of a processing object 1 from a 
lozzle 40. In addition, inert gas, such as the gas which does not oxidize a processing object 1 as blasting gas, for 
:xample, Ar gas, and helium gas, or N2 It is desirable to use gas etc. In addition, when processing an oxidation-resist 
ligh material, you may spray air. Moreover, the removal object which dispersed from the front face of a processing 
)bject 1 is discharged from the gas suction mouth 42. 

0036] Thus, a paint film can be removed by using laser ablation, without using poisonous chemicals. 
0037] Next, the experimental result of paint film removal is explained with reference to drawing 3 . The sample in 
vhich the paint film with a thickness of about 80 micrometers used for paint of the airframe of the aircraft was forme 
>n the front face of an aluminum board was used for the experiment. The laser beam generator 60 is TEA-C02 which 
mtputs pulse laser light on the repeat frequency of 100Hz. It is laser equipment. The configuration of about 5 J/cm2 a 
in irradiation field of the energy density of the laser beam in the front face of a processing object 1 is an abbreviation 
4mmxlmm rectangle. At this time, the field by which ablation removal is carried out has the shape of an abbreviatio 
immx0.5mm rectangle. The travel between shots is about 0.5mm. Moreover, the trace speed of X shaft orientations o 
aser beam irradiation position was carried out in mm [ 25 //s ]. 

0038] Drawing 3 shows a laser beam irradiation history. First, as an arrow SI shows, it sweeps about 5cm to X shaft 
mentations with deflecting system 22. Next, it shifts about 0.5cm to Y shaft orientations with deflecting system 21, a 
is an arrow S2 shows, the same range is again swept about X shaft orientations with deflecting system 22. Furthermo 
t shifts about 0.5cm to Y shaft orientations, and as an arrow S3 shows, the same range is swept about X shaft 
mentations. By the sweep of arrows S1-S3, a laser beam can be irradiated to the field of an abbreviation 5cmxl.5cm 
ectangle. The sweep of arrows SI -S3 is repeated 3 times, and is performed. 

0039] Consequently, the paint film of an aluminum board front face was removed nearly completely, and the front fa 
)f the aluminum board which is a base material exposed it. The injury on the front face of an aluminum board was no 
;een. 

0040] In the above-mentioned experiment, three laser radiation was performed to the same field on the front face of 
>rocessing object. By reducing the number of times of laser radiation, it can leave the lower layer portion of a paint fi 
ind only a part for a management can be removed. The paint film on the front face of an airframe of the aircraft usual 
ronsists of a primer layer for adhesion and rust prevention, and a topcoat layer for the makeup applied on it. By adjus 
he number of times of laser radiation, it becomes possible to remove only for example, a topcoat layer. 
0041] TEA-C02 of the pulse oscillation type as a laser beam generator in the above-mentioned example Although th 
;ase where laser equipment was used was explained, you may use other laser equipments. For example, Nd: You may 
ise YAG laser equipment, Nd: YLF laser equipment, excimer laser equipment, copper steamy laser equipment, CO la 
:quipment, semiconductor laser equipment, etc. Moreover, it is not necessary to restrict to a pulse oscillation type, an 
;ontinuous-oscillation type laser equipment may be used. Moreover, you may use a higher harmonic, for example, th 
!nd - the 5th higher harmonic, or the Raman conversion light of the laser beam outputted from these laser equipment 

0042] Although this invention was explained in accordance with the example above, this invention is not restricted t 
hese. for example, various change, improvement, combination, etc. are possible ~ this contractor - obvious - it will 
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0043] 

Effect of the Invention] The paint film formed on the surface of the processing object can be removed without using 
;hemicals by using laser ablation according to this invention, as explained above. Moreover, the energy density of a 1 
>eam can be set as the suitable range by adjusting the height from a processing-object front face to a condenser lens. 

Translation done.] 
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